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Adaptive TDMA oommunicatlon system 



(57) Downlink communication between a base station 
and a mobile station occurs in a first format of more than 
one time slot of a time division multiplexed frame or a 
second format of one slot per frame when the mobile 
station performs an uplink transmission using the second 
format. Single or multiple slot per frame formats can be 
selected by the mobile station according to whether a 
high or low rate of data transmission is required. The 
uplink communication channel may be of the common 
access type, and both the uplink and downlink slots may 
be spaced in frequency and spaced in time by less than 
the duration of one slot. 
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2321160 

PACKET DATA 

The present invention relates to packet data communication in a telecommunication 
system, especially but not exclusively the RCR-27 personal digital cellular system. 

In a cellular telecommunication system comprising base stations and subscriber 
mobile stations, many packet transactions between the subscriber mobile stations 
and the base stations make very heavy use of the downlink but relatively light use of 
the uplink between the base stations and the mobile stations. Internet applications 
exemplify this since most data flow takes place from the Internet to the subscriber 
via the downlink. 

With this consideration in mind, the present invention provides a method, and a 
telecommunication system, in which the format of a channel for packet 
communication is varied according to the nature of the packet transaction. 

Within the confines of a given system protocol and the specific hardware of a 
system, this allows the telecommunication system to manage the characteristics of 
the packet channel to best suit its need. 

Exemplary embodiments of the invention are hereinafter described with reference to 
the accompanying drawings, in which: 

Figure 1 illustrates the frequency allocation in the 800 MHz frequency band in the 
RCR system; 

Figure 2 illustrates the structure of a superframe in the RCR system; 
Figure 3 shows the structure of an l-frame or layer 2 unit; and 
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Figure 4 shows an example of a packet transaction between a base station and a 
mobile station. 

The Japanese RCR-27 personal digital cellular system is a Time Division Multiple 
Access (TDMA) system. An overview of the RCR-27 system is given below to 
facilitate understanding of the invention. For more details of how the system 
operates, the following standards specifications should be consulted: reference 1 - 
RCR STD-27D (Packet ver. Revisions) Layerl Standards, and reference 2 - RCR 
STD-27D (Packet ver. Revisions) Layer3 Standards. 

Communication between a base station BS and a mobile station MS takes place via 
two discrete frequency bands, one reserved for communications from the base 
station BS to the mobile station MS, the downlink, and one reserved for 
communication from the mobile station MS to the base station BS, the uplink, as 
illustrated in Figure 1. In the example in Figure 1, the downlink accommodates 641 
physical carriers between 810 MHz and 826 MHz at 25 kHz intervals. For each 
physical carrier in the downlink, there is a corresponding physical carrier in the 
uplink. In the uplink, the physical carriers are also at 25 kHz intervals located 
between 940 MHz and 956 MHz. 

Each physical carrier has data transmitted on it in the form of a superframe. 
Referring to Figure 2. each superframe 100 consists of 36 (0 . . . 35) frames of 20 
ms duration and each frame 102 consists of three slots 104 (0 ... 2) each of 6.6 ms 
duration. A superframe lasts 720 ms. Each frame can be assigned the role of either 
a user traffic channel TCH or a control channel CCH. The superframes in the uplink 
and downlink are transmitted with a small offset in time. The uplink control channels 
are common access whereby any mobile station MS can apply to the base station to 
use the channel at any opportunity. 

In order to register with the base station BS, the mobile station MS scans a subset 
of the downlink physical carriers, which have been predefined by the network 
operator, as being perch channels. The signal strength on each perch channel is 
ascertained and arranged in signal strength order. Starting with the perch channel 
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having the strongest received signal strength, the mobile station MS attempts to 
synchronise and decode the data in slot 2 of the perch channel. This slot is 
assigned to a control channel, more particularly the broadcast control channel 
BCCH. The broadest control channel BCCH contains information about the cell or 
zone including, for example, the control channel structure, network identity, location 
area, neighbouring zones, restrictions on use and the like. The BCCH information 
also includes Information indicating which slots have been reserved for the role of 
the user packet channel UPCH. This UPCH Information is in the form of data 
indicating the physical carrier and the slot of the superframe transmitted on that 
physical carrier. 

If the BCCH information is not decodable from the perch channel with the highest 
received signal strength, the mobile station MS tries the perch channel with the next 
highest received signal strength and so on. 

Having decoded the BCCH information, the mobile station MS is able to make a 
request to be registered in the cell or zone. Having been registered with the base 
station BS, the MS station enters standby mode. In standby mode, the MS station 
wakes up only during those slots of the control channel CCH superframe which have 
been assigned the role of paging channels PCH in order to monitor whether it is 
being paged by the base station BS for a packet or voice transaction. 

A packet transaction can be either initiated from the mobile station MS ('mobile- 
originated transaction') or initiated from the base station ('mobile-terminated 
transaction'). 

A mobile-originated packet transaction is Initialised as follows. The mobile station 
MS synchronises to one of the dedicated user packet channels UPCH in the 
downlink (as previously decoded from the BCCH information). Via the 
corresponding uplink slot, the mobile station MS makes a request for packet 
communication. As part of the request the mobile station MS indicates whether it is 
seeking a high or low speed packet channel and whether it is capable of supporting 
full duplex communication. In a high speed packet channel, 2 or 3 slots (0..2) of the 
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3-slot frame allocated for the user packet channel UPCH are used to carry packet 
data ('multi-slot'). In a low speed packet channel, a single slot of the frame 
allocated for the user packet channel UPCH is used to carry packet data ('single- 
slot'). Via the assigned downlink slot, the mobile station MS can receive approval 
for either a multi-slot or a single-slot channel. 

A mobile-terminated packet data transaction is initialised when the mobile station 
MS detects that it is being paged via a paging channel PCH, as previously 
described. Thereafter, the procedure for initialising the transaction is the same as 
for the mobile-originated transaction. 

Packet data is transmitted as a sequence of l-frames or layer 2 (of the standard OS! 
seven layer model) LAPDm units. As shown in Figure 3, each l-frame 50 comprises 
a head unit 52. an end unit 54 and any number of intermediate units 53. Each unit 
occupies a single slot of the user packet channel UPCH. 

Figure 4 shows an example of a packet transaction in which both a multi-slot and a 
single-slot user packet channel UPCH format are employed. 

Initially, in frames 0-4. the base station BS sends three l-frames Id,, l« and ids via the 
downlink. The mobile station MSJs not transmitting during this interval and is 
receiving in continuous reception mode (see section 4.1.10.2.2.2.2 of reference 1). 
Idi comprises a head unit 52, 2 intermediate units 53a. 53b and an end unit 54 and 
is transmitted on slot 0. \„ comprises a head unit 52, 1 intermediate unit 53a and an 
end unit 54 and is transmitted on slot 1. I« comprises a head unit 52, intermediate 
unit 53a and an end unit 54 and is transmitted on slot 2. In these initial frames when 
packet data is being sent in one direction via the downlink, a multi-slot user packet 
channel UPCH format is employed - the maximum number of 3 slots per frame are 
allocated to carry packet data. 

On slot 0 of frame 4, a unit 60 not destined for the mobile station MS appears and 
so gives the mobile station MS the opportunity to attempt uplink access. Because 
the uplink control channels, including the user packet channel UPCH. are common 
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access a collision control mechanism (between the mobile stations) needs to be 
employed The mobile station MS decodes (arrow 62) the idle*usy flag associated 
with Slot 0 in the current frame of the downlink whi* indicates whether the 
corresponding uplink slot is currently in use. If it is 'idle', as It is in this case, the 
mobile station MS transmits on the corresponding uplink slot the head unit 52 of an 
l-frame l„ The MS station then waits on slot 0 of frame 5 for a response from the 
base station BS. The base staUon BS transmits a partial echo PE and a receive/not 
receive or WH fleg (arrow 64). The partial echo is a CRC check sum. If the partial 
echo PE matches that for the head unit 52 which was transmitted and the R/N flag 
indicates that me head unit 52 was successfully 'received', as it is in this case, the 
mobile station MS assumes that it has been allocated slot 0 for uplink transmiss,on 
of further units of the l-frame I,, in subsequent frames and switches to a single-slot 
user packet channel UPCH format. On receiving a decodable head unit 52 from the 
mobile station MS the base station BS assumes that the mobile station MS has 
switched to a single-slot user packet channel UPCH format and ads accordingly. In 
the case (not illustrated) where uplink access is not gahed, because of, for 
example collision with another mobile station MS, the mobile station MS continues 
with multi-sk>t user packet channel UPCH format for the random retransmission 
interval specified in Figure 4.1.13.1-2 of reference 1. In subsequent frames, the 
intemtediate units 53a, 53b, 53o and the end unit 54 of l-frame 1„ are transmitted on 
Slot 0 From frame 5 onwaKis, the downlink user packet channel is in s.ngle-slot 
fomnat, whereby only slot 0 is used. At frames 5 and 6, an l-frame U comprising a 
head unit 54 and an end unit 56 are transmitted to the mobile staUon MS. Next on 
^ 9. an l-frame 1« comprising only a head/end unit 54/56 is transmitted to the 
mobile station MS. 

U will be appreciated that the time offset between the uplink and downlink channels 
enables half-duplex communication to take place during the same logical slot v.a the 
uplink and the downlink, whereby a mobile station MS which is not capable of 
transmitting and receiving.at the same time may be used. 

in the Figure 4 example, the mobile station MS is receiving in continuous reception 
mode with a multi-slot user packet channel UPCH format. On switching to the 
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Single-Slot user packet channel UPCH format, the mobile station MS continues with 
the continuous reception mode. Similarly, the mobile station MS would remain with 
the same reception mode on switching between the multi-slot and the single-slot 
user packet channel UPCH format when the mobile station is initially in intemiittent 
reception, superframe intermittent reception or hyperframe intermittent reception as 
defined in section 4.1.1.1 0.2.2.2.2 of reference 1 . 

It will be appreciated that because the format of the user packet channel is switched 
.n the way described, a half-duplex mobile station Is able, if circumstances permit 
(I.e. ,f no uplink communication is required for a given interval) to maximise the 
downlink throughput (up to 28.8 kbps). while still being able to cope, albeit at a 
lower data rate, with communication via both the uplink and downlink Further 
because the change in user packet channel format has effects which are confined to 
a given frame, full and half-duplex mobile stations can easily co-exist on the same 
network. 
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CLAIMS 

1 . A method of carrying out a transaction between a mobile station and a base 
station in a cellular radio system using communication channels comprising a 
plurality of time-division multiplexed frames, each frame comprising a plurality of 
consecutive slots, the method including the steps of :- 

the base station performing dov^nlink transmission in a first fbrmat of more than one 
slot per frame, and the base station performing downlink transmission in a second 
format of one slot per frame when the mobile station is perfbnning uplink 
transmission in the second format. 

2. A method as in Claim 1 , wherein the base station switches from the first fbnnat to 
the second format to allow the mobile station to perfomi uplink transmission. 

3. A method as in Claim 1 or Claim 2, wherein the mobile station initiates uplink 
transmission after the completion of a downlink transaction In the first forniat. 

4. A method as in any preceding daim, 
wherein the mobile station comprises 

a transmitter for perfomning uplink transmission in the first forniat; 

a receiver for perfomning downlink reception in the first or second fomnat; 

wherein, in the system, corresponding uplink and downlink slots are substantially 
spaced from one another in frequency and spaced from another in time by less than 
the duratton of one slot, and 



% 

wherein the mobile station further comprises means to attempt uplink access via an 
uplink slot and verily uplink access by a message via the corresponding downlink 
slot. 



5. A mobile station for perfomiing the method according to any of Claims 1 to 3. 

6 . A mobile station for a cellular radio system in which uplink communication is 
common access, comprising: 

a transmitter for perfomiing uplink transmission in a single-slot format; 

a receiver for performing downlink reception in a single-slot or a multiple- 
consecutive-siot fomiat; 

wherein con-esponding uplink and downlink slots are substantially spaced from one 
another in fi-equency and spaced from one another in time by less than the duration 
of one slot, 



wherein the mobile station is able to initiate uplink transmission via an uplink stot and 
then verify uplink access by a message on the corresponding downlink slot. 
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